We describe the effect of AGN light on host galaxy optical and UV-optical colours, as determined from X-ray-selected AGN host galaxies at z ∼ 1, and compare the AGN host galaxy colours to those of a control sample matched to the AGN sample in both redshift and stellar mass. We identify as X-ray-selected AGNs 8.7
+4
−3 per cent of the green-valley control galaxies. The nuclear colours of AGN hosts are generally bluer than their outer colours, while the control galaxies exhibit redder nuclei. AGNs in blue-cloud host galaxies experience less X-ray obscuration, while AGNs in red-sequence hosts have more, which is the reverse of what is expected from general considerations of the interstellar medium. Outer and integrated colours of AGN hosts generally agree with the control galaxies, regardless of X-ray obscuration, but the nuclear colours of unobscured AGNs are typically much bluer, especially for X-ray luminous objects. Visible point sources are seen in many of these, indicating that the nuclear colours have been contaminated by AGN light and that obscuration of the X-ray radiation and visible light are therefore highly correlated. Red AGN hosts are typically slightly bluer than red-sequence control galaxies, which suggests that their stellar populations are slightly younger. We compare these colour data to current models of AGN formation. The unexpected trend of less X-ray obscuration in blue-cloud galaxies and more in red-sequence galaxies is problematic for all AGN feedback models, in which gas and dust is thought to be removed as star formation shuts down. A second class of models involving radiative instabilities in hot gas is more promising for red-sequence AGNs but predicts a larger number of point sources in redsequence AGNs than is observed. Regardless, it appears that multiple AGN models are necessary to explain the varied AGN host properties discussed in the current work. Finally, we find that integrated optical and UV-optical colours are not strongly affected by X-ray-selected AGNs except in rare cases (< 10 per cent) where the AGN is very luminous, unobscured, and/or visible as a point source.
INTRODUCTION
Galaxy colours can tell us much about the stellar populations and star formation history (SFH) of a galaxy. Of particular interest are the possible connections between the SFH and possible energetic feedback related to black hole growth. However, in order to properly interpret the measured colours of a galaxy we must understand the origins of the colours. Radiation associated with an accretion disc around active galactic nuclei (AGNs) produces large amounts of blue light, causing potentially unexpected effects on the measured colours of the host galaxies.
Star formation, AGN feedback and possible connections between them have been discussed by several authors in recent years (e.g. Silk & Rees 1998; Granato et al. 2004; Hopkins et al. 2005a Hopkins et al. , 2005b Hopkins et al. , 2006 Hopkins et al. , 2008a Hopkins et al. , 2008b Scannapieco, Silk, & Bouwens 2005; Bower et al. 2006; Cattaneo et al. 2006; Croton et al. 2006; Dekel & Birnboim 2006; Ciotti & Ostriker 2007) . We will compare the results presented here to a few specific scenarios. One such scenario described AGNs caused by interactions or mergers between gas-rich disc galaxies having similar masses (Hopkins et al. 2008a (Hopkins et al. , 2008b . Another explored black hole growth initiated by instabilities in isolated giant elliptical galaxies (Ciotti & Ostriker 2007) . Both of these scenarios suggest timelines for various observable features, such as nuclear obscuration and the shutting down of star formation. We also compare our results to a scenario that described how feedback from low-luminosity AGNs may prevent additional star formation (Croton et al. 2006) following an initial burst associated with, for example, a merger or interaction. Ciotti & Ostriker (2007) described simulations related to the circumstances surrounding significant growth of supermassive black holes (SMBHs) found in giant elliptical galaxies. In their simulations, gas emitted from central stars led to radiative instabilities and a collapse of metal-rich gas in the nuclear regions of the galaxy. New star formation claimed about half of the gas, and about half was ejected from the nucleus; less than 1 per cent of the gas contributed to the growth of the central SMBH. Ciotti & Ostriker (2007) found that both the AGN and the starburst were heavily obscured (Compton-thick; NH > 10 24 cm −2 ) during this stage and probably only observable in far-infrared bands. Radiative feedback from the AGN then caused the expansion of a central hot bubble, first briefly revealing the AGN as a traditional quasar, and then eventually shutting down both star formation and black hole growth. After that time, the galaxy exhibited an E+A spectrum (a post-starburst galaxy; see Yan et al. 2006 ) and low X-ray luminosities. Hopkins et al. (2008b) showed an optical CMD (their fig. 24 ) featuring AGN and quasars previously presented by Nandra et al. (2007) and Sánchez et al. (2004) , respectively, and compared the observed host galaxy colours to the colours expected from a merger scenario and from an activation scenario involving secular (that is, in this case, non-merger) processes. They noted that AGN host galaxies typically exhibited colours that placed them on the red sequence or in the upper (redder) region of the blue cloud. Their merger scenario predicts that the AGN host galaxies start in the blue cloud and transition on to the red sequence, while the secular processes are expected to affect the host galaxy colours in the opposite manner. Hopkins et al. (2008b) concluded that the colours of observed AGN host galaxies support the merger scenario more strongly than the secular activation scenario. Croton et al. (2006) presented a complementary scenario in which the energy emitted by AGNs with low accretion rates, in high mass galaxies, sufficiently heats gas in the disc to prevent star formation, resulting in rapidly aging stellar populations. We can use observations of AGNs and their host galaxies to test the validity of the predictions suggested by Croton et al. (2006) , Ciotti & Ostriker (2007) , Hopkins et al. (2008a Hopkins et al. ( , 2008b and others. The AGNs typically involved in the simulations are relatively luminous, such as quasars or Seyfert galaxies, many of which should be identifiable by their X-ray emissions. X-ray luminosities can also be used to estimate the growth rate and obscuration of the black holes. Comparing X-ray characteristics to galaxy colours allows a test on the connections and timescales suggested by various models.
As a stellar population ages, its optical colours shift from blue to red, corresponding to a decrease in the temperature and energy output of the stars, so that unbiased galaxy colours indicate the dominant age of the stellar populations in a galaxy. Recent models, such as those described above, make specific predictions about the connection between black hole growth and the ages of stellar populations within a galaxy. The prediction that energetic feedback associated with black hole growth may halt star formation can be tested by comparing observations of galaxy colours to the black hole growth rate and obscuration of the accretion disc around the black hole.
The colours most commonly used to estimate the age of a galaxy's dominant stellar population are optical (e.g. U − B, u − r, B − V ) and UV-optical (e.g. NUV−R). Many authors (e.g. Baldry et al. 2004; Bell et al. 2004; Faber et al. 2007 ) have demonstrated that galaxies form a bimodal distribution in a variety of optical colours, and Faber et al. (2007) further detected a net flow of galaxies from the 'blue cloud' to the 'red sequence'. However, young stars contribute significantly to the ultraviolet continuum, suggesting that UV-optical colours may provide a better indication of recent star formation (Kennicutt 1998) . Wyder et al. (2007) studied the UV-optical colour NUV−R and found not only a bimodal distribution but also a significant population between the two colour extremes, now known as the 'green valley'. Various studies have since presented observations characterizing the green valley as a possible transition region between the blue cloud and the red sequence (e.g. Martin et al. 2007; Schiminovich et al. 2007) , particularly for AGN host galaxies, in which feedback may significantly affect the star formation rates (e.g. Schawinski et al. 2007; Georgakakis et al. 2008b) .
A full description of an AGN host galaxy depends on measurements of observable features such as colours and the distribution of light in the galaxy. However, the spectrum emitted by an AGN differs significantly from that emitted by its host galaxy and can dominate optical observations. This is most clearly seen in quasi-stellar objects (QSOs), but may also be evident in less luminous AGNs. Fig. 1 shows this difference in the optical region of the spectrum by showing spectral templates for an AGN (QSO; upper panel) and an Sb galaxy (lower panel) from Kinney et al. (1996) . Whether considering an optical colour (e.g. U − B) or a UV-optical Figure 1 . Spectral templates from Kinney et al. (1996) colour (e.g. NUV−R), it is clear that the AGN would appear significantly bluer than the galaxy. The effect on the measured colour of an AGN host galaxy depends on factors such as the AGN luminosity and obscuration of the AGN accretion disc.
Using a low-redshift (0.03 < z < 0.07) sample of optical spectroscopically-selected AGN host galaxies, from which AGNs exhibiting broad spectral lines (typical of the most extreme AGNs, which are most likely to affect optical measurements) were specifically excluded, Kauffmann et al. (2007) compared optical colours (g − r) from the central regions of the galaxies, based on observations from the Sloan Digital Sky Survey, to integrated (that is, total) UV-optical colours (NUV−r) from Galaxy Evolution Explorer (GALEX; Martin et al. 2005) observations. They showed that light from stars in the outer regions of these AGN host galaxies dominates the observed UV-optical colours, indicating that the colours are not strongly affected by light from an AGN. However, many current studies that use optical colours to help characterize the host galaxy stellar populations focus on more luminous AGNs (such as those selected by X-ray or radio techniques) at higher redshifts (z ∼ 1; e.g. Nandra et al. 2007; Bundy et al. 2008; Coil et al. 2009; Silverman et al. 2009 ). Thus we also need to understand the possible effects of high-luminosity, z ∼ 1 AGNs on the measured colours of their host galaxies.
The current work and a companion study (Pierce et al. 2010 ) address this using complementary methods. Pierce et al. (2010) added an AGN spectral template (the QSO template shown in Fig. 1 ) to three non-AGN templates (an elliptical galaxy, an Sb galaxy and a starburst galaxy). They scaled the AGN template to contribute a set of specified fractions of the flux from the resulting system and measured the original and resulting optical and UV-optical colours, finding that the AGN template significantly affected the measured colours. The results from Kauffmann et al. (2007) could be considered a lower limit and the results from Pierce et al. (2010) could be considered an upper limit to the expected effect of an AGN. In addition, to test the potential effect of an AGN on morphology measurements of the host galaxies, Pierce et al. (2010) added a series of optical point sources to optical images of galaxies at z ∼ 0.5 not known to host AGNs. They compared the measured morphologies of the original and altered galaxy images and found that high AGN fractions can significantly bias the morphology measurements, but that such AGNs are often identifiable from the optical images due to the visibility of the AGN as a central point source. Additional previous work with Xray-selected AGN at redshifts 0.5 < z < 1.5, in the Great Observatories Origins Deep Survey (GOODS), found that unobscured AGN hosts are similar to obscured AGN hosts in NUV−R, but slightly bluer (Ammons 2009 ).
The current study was initially undertaken in order to determine the extent to which luminous AGNs at z ∼ 1 affect the measured colours of their host galaxies. As a result, we have discovered criteria for identifying the AGNs that are most likely to cause colour contamination. Using Hubble Space Telescope/Advanced Camera for Surveys (HST/ACS) V and I band images, we measure the outer and nuclear galaxy colours of a sample of X-ray-selected AGNs at redshifts 0.2 < z < 1.2. Measuring galaxy colours in this manner essentially restricts to the nuclear regions any effect caused by the AGNs, while colours measured for the outer regions are expected to be free of any influence from the AGN. In the special case of QSOs, the outer regions would also be overwhelmed by AGN light, but the sample considered here does not contain any known QSOs.
The AGN host galaxy aperture colours are compared to aperture colours of a control sample consisting predominantly of galaxies not hosting AGNs. We create a control sample because most AGN host galaxies at redshifts 0.2 < z < 1.2 exhibit characteristics (most importantly, mass and colour) that differ from the characteristics typical of most galaxies at such redshifts. From the AGN host galaxy HST/ACS images, we determine whether or not the AGN is apparent as an optically visible point source and find that our results correlate with the X-ray obscuration of the AGN, as determined by the X-ray hardness ratio (see Section 2.3), indicating a connection between the optical obscuration and the X-ray obscuration. The X-ray hardness ratios are also found to correlate with the outer colours, facilitating comparisons to predictions from the models described above.
The data used for this study come from the Allwavelength Extended Groth Strip International Survey (AEGIS; Davis et al. 2007 ), a multiwavelength survey covering bands from hard X-ray through radio. Many authors have already used these observations to study topics such as galaxy SEDs (Konidaris et al. 2007; Symeonidis et al. 2007) , various aspects of star formation (Ivison et al. 2007; Lin et al. 2007; Noeske et al. 2007a Noeske et al. , 2007b Weiner et al. 2007) , AGN selection techniques and host galaxy characteristics (Georgakakis et al. 2007; Gerke et al. 2007; Nandra et al. 2007; Pierce et al. 2007; Park et al. 2008) , connections between AGN feedback and galaxy colours (Bundy et al. 2008; Georgakakis et al. 2008b) , galaxy groups and clustering (Fang et al. 2007; Georgakakis et al. 2008a; Coil et al. 2009; Jeltema et al. 2009 ) and a variety of additional topics (Barmby et al. 2006; Conselice et al. 2007; Huang et al. 2007; Kassin et al. 2007; Moustakas et al. 2007; Wilson et al. 2007; Aird et al. 2010; Laird et al. 2009; Sato et al. 2009 ).
We begin with a description of the data used for the current study (Section 2) and then describe the selection of AGN and control samples (Section 3). Nuclear and outer optical colours and integrated UV-optical colours are presented in Section 4, followed by a discussion of the results and their implications in Section 5. Finally, in Section 6 we provide a summary of the main scientific results. Throughout, we use {h, ΩΛ, ΩM } = {0.7, 0.7, 1 − ΩΛ} and AB magnitudes, unless otherwise noted. In addition, uncertainties accompanying numerical fractions represent 1σ uncertainties, calculated following Gehrels (1986).
DATA

Optical images
High spatial resolution HST/ACS images, with a point spread function (PSF) FWHM of ∼ 0.1 arcsec, are available for 0.197 deg 2 of the Extended Groth Strip (EGS). This region was observed in the F606W (V ) and F814W (I) passbands to 5σ limiting magnitudes of V = 28.14 mag and I = 27.52 mag for a point source; the limiting magnitudes are slightly brighter for extended objects (Davis et al. 2007) .
We measure the observed V and I band light in a series of apertures with radii 0.15 arcsec, 0.2 arcsec and 1.5 arcsec, and then calculate the observed optical colours (V − I) within a central region of radius 0.15 arcsec (the 'nuclear' colours) and an annulus having an inner radius of 0.2 arcsec and an outer radius of 1.5 arcsec (the 'outer' colours). The central region encloses the nuclear point sources that are visibly present in several of the AGN host galaxies, as well as ∼80 per cent of the HST/ACS V band PSF. The outer radius of the annulus is large enough to fully enclose most of the galaxies in our sample, and the size of the inner radius allows a small separation between the outer annulus and the central region. From the observed aperture colours, we estimate the K-corrected, rest-frame aperture colours (U −B)out and (U − B)nuc, following methods described by Willmer et al. (2006) and Weiner et al. (2009) . Redshift evolution of the colour gradients presented in Section 4.1 is minimal and does not significantally influence our results, so that we are not concerned with the differences between the physical scales of the regions measured using the same angular scales at different redshifts.
For each of the X-ray-selected AGNs (Section 3.1), the V and I band images were inspected by-eye to assess the visibility of the AGN as a central (or offset) point source. Criteria used to distinguish between a point source and a region of star formation include size, shape and distinctness of edges; our 'point sources' are required to have sizes similar to the ACS PSF (which is independent of redshift), circular shape and distinct edges. Each of the three AGN host galaxies shown in Fig. 2 represent one of our three point source visibility classifications -'definite point source', 'possible point source' and 'no clear point source'. These postage stamps have been created from HST/ACS I band images, and all use the same logarithmic scale, bias and contrast.
Spectroscopic redshifts
Spectroscopic redshifts are available from the DEEP2 Redshift Survey (Davis et al. 2003 (Davis et al. , 2007 and an MMT Observatory survey of X-ray-selected AGN host galaxies (Coil et al. 2009 ). Redshifts were individually verified and assigned quality codes pertaining to the redshift reliabilities, resulting in ∼3700 DEEP2 and 82 MMT 'high quality' (reliability confidence levels 95 per cent) redshifts in the HST/ACSimaged region of the EGS; 80 of these galaxies have high quality spectroscopic redshifts from both the DEEP2 and the MMT surveys.
X-ray images
The Chandra X-ray Observatory (Chandra) Advanced CCD Imaging Spectrograph observed a strip of eight pointings (0.67 deg 2 total) along the EGS for approximately 200 ks per pointing Davis et al. 2007 ). Laird et al. (2009) presented the AEGIS-X survey (the 1325 Xray sources detected in the EGS) and described the methods used to reduce and analyse the observations, including calculation of the hardness ratios HR 1 . For the AEGIS-X survey catalog, X-ray sources are defined as X-ray detections that have at least a 5σ detection significance. At z = 1, the on-axis flux limit 2 for hard-band 3 -selected sources (f = 3.8 × 10 −16 erg cm −2 s −1 ) corresponds to an X-ray luminosity L 2−10 keV = 2.4 × 10 42 erg s −1 , slightly in excess of the minimum luminosity used to define our sample of Xray-selected AGNs (Section 3.1). Thus, although the X-ray AGN sample is complete to L 2−10 keV = 10 42 erg s −1 at redshifts z < 0.7, it may miss AGNs with L 2−10 keV < 4 × 10 42 erg s −1 at z = 1.2 (cf. Fig. 3 ). et al. (2006) estimated galaxy stellar masses in the four DEEP2 fields by fitting spectral energy distributions (SEDs) based on B, R, I and KS-band images to models created using the Bruzual & Charlot (2003) stellar population synthesis code. The robustness of these stellar mass estimates for X-ray-selected AGN host galaxies was tested by Bundy et al. (2008) , and they found that although the fits between the observed and model SEDs are generally better for galaxies not hosting AGNs, they are typically good even for AGN host galaxies. The work by Bundy et al. (2006) provides stellar mass estimates for 3382 AEGIS galaxies in the HST/ACS-imaged region, including 54 of our 56 X-rayselected AGNs (Section 3.1).
Stellar masses
Bundy
Estimates provided by C. N. A. Willmer supplement the Figure 2 . AGN host galaxies representing our three point source visibility classifications. From left to right, the galaxies have a 'definite point source', a 'possible point source' and 'no clear point source'. All three I band images were created using the same bias, contrast and logarithmic scale. stellar mass estimates from Bundy et al. (2006) . Willmer derived the masses from rest-frame optical B − V colours, following Bell & de Jong (2001) , Bell et al. (2005) , Willmer et al. (2006) , Lin et al. (2007) and Weiner et al. (2009) . We test the reliability of these stellar mass estimates for AGN host galaxies by comparing the masses determined from V − I aperture colours using three different inner radii (0.0 arcsec, 0.1 arcsec and 0.2 arcsec) and a common outer radius (1.5 arcsec). The difference in the resulting mass estimates is minimal, indicating that the colour-derived estimates are also robust. Both stellar mass estimates are available for 390 of our 460 control galaxies (Section 3.2), for which the median difference is log(M * ,Bundy )−log(M * ,B−V ) = 0.045. The masses derived by Bundy et al. (2006) typically have lower uncertainties than the masses derived using the B − V colours (∼ 0.3 dex). The stellar mass estimates for the AGN hosts (where available) and 96.5 per cent of the control sample galaxies are from Bundy et al. (2006) ; the remaining stellar mass estimates that we use come from Willmer.
UV-optical colours
Applying the methods described by Salim et al. (2005 Salim et al. ( , 2007 to AEGIS galaxies, Salim et al. (2009) combined GALEX and Canada-France-Hawaii Telescope Legacy Survey u * g ′ r ′ i ′ z ′ observations with KS-band photometry to estimate the rest-frame UV-optical colour NUV−R, excluding galaxies for which the DEEP2 spectra fit a template for Type-1 (unobscured) AGNs; NUV−R colour estimates are available for 91 per cent (51/56) of our X-ray-selected AGN sample (Section 3.1). Of the five AGNs for which we do not have NUV−R estimates, two exhibit U − B colours and MB magnitudes consistent with Type-1 AGNs (cf. fig.  1 of Nandra et al. 2007 ) and the remaining three have U − B colours and MB magnitudes consistent with the majority of the AGNs in our sample. These AGNs exhibit approximate X-ray luminosities 3 × 10 42 erg s −1 < L 2−10 keV < 3 × 10 44 erg s −1 and X-ray hardness ratios −0.59 <HR < 0.88. Estimating the UV-optical colours includes fitting the galaxy SED to a library of model SED templates and determining the strength of the match (the goodness of fit, χ 2 ; Salim et al. 2007 ). Galaxies for which χ 2 < 10 are considered to have 'reliable' UV-optical colours, and 94 per cent (48/51) of the UV-optical colour estimates for our Xray sample are thereby deemed reliable. The NUV−R and V − I colours of the three AGN hosts that have 'unreliable' UV-optical colours are similar to the colours of the other AGN host galaxies in our sample. Although our results do not depend upon the inclusion or exclusion of these three AGNs, we will present them for comparison along with the galaxies that have reliable colours. Throughout the analyses described here, references to blue, green and red UVoptical colours indicate NUV−R < 3, 3 <NUV−R < 4.5 and NUV−R > 4.5, respectively.
SAMPLES
3.1 X-ray-selected AGNs at 0.2 < z < 1.2 Luminous, high-energy X-ray sources are believed to be AGNs because star formation processes are only expected to account for lower energy and/or less luminous X-ray emissions (e.g. Grogin et al. 2003 Grogin et al. , 2005 Barger et al. 2005; Laird et al. 2005) . The current work uses L 2−10 keV > 10 42 erg s
as the criterion for X-ray-selected AGNs (Grogin et al. 2005; Barger, Cowie & Wang et al. 2007) , an order of magnitude higher than a conservative cut used by Laird et al. (2005) to exclude AGNs from their sample. Thus, the X-ray-selected AGN sample used here should be fairly pure, though it may exclude some low-luminosity or Compton-thick AGNs. Georgakakis et al. (2009) used the Likelihood Ratio method (e.g. Ciliegi et al. 2003) to identify DEEP2 counterparts for 131 AEGIS X-ray sources. Using these matches, we follow the method described by Teng et al. (2005) to convert the X-ray flux in each of the four X-ray energy bands to 2-10 keV fluxes, assuming a power-law slope Γ = 1.4 (e.g. Peterson 1997) , which assumes uniform X-ray obscuration for all of our AGNs. This calculation provides estimates of the observed 2-10 keV X-ray fluxes, which may be less than the intrinsic X-ray fluxes of the more heavily obscured AGNs. In order to determine the extent to which the choice of Γ affects our X-ray selection, we also estimate the Xray flux and luminosity using a power-law slope appropriate for an unobscured AGNs. Nandra & Pounds (1994) found a mean intrinsic (unobscured) X-ray spectra with powerlaw slope Γ = 1.95. For one of our more highly obscured AGNs (HR = 0.78), Γ = 1.4 indicates an observed luminosity L 2−10 keV = 2.8 × 10 42 erg s −1 , while Γ = 2 suggests an intrinsic luminosity L 2−10 keV = 3.9 × 10 42 erg s −1 . Thus, although our calculated luminosities may be lower than the intrinsic X-ray luminosities, the difference is not significant for the results discussed here. In particular, we do not expect to miss more than a few AGNs that, due to heavy obscuration, exhibit observed luminosities below our AGN selection criterion, while having intrinsic X-ray luminosities above the selection criterion.
Hard X-ray luminosities L 2−10 keV are then calculated using the extrapolated 2-10 keV fluxes and the spectroscopic redshifts. In order of decreasing preference, the final X-ray luminosity assigned to an X-ray source is based on the 2-10 keV flux extrapolated from the full, soft, hard, or ultrahard band flux. The order of preference corresponds to the sensitivity of the bands, such that the most sensitive band (the full band) receives the highest preference; if a particular X-ray source does not have a significant full-band detection, the soft band is tried, and so on. Fig. 3 shows the 2-10 keV luminosity as a function of redshift for X-ray sources with redshifts z < 1.5, represented by solid black triangles. Also plotted are luminosities corresponding to the on-axis (solid curve) and off-axis (dotted curve) flux limits for the 200-ks AEGIS Chandra observations. The horizontal and vertical lines at L 2−10 keV = 10 42 erg s −1 , z = 0.2 and z = 1.2 enclose the 56 X-ray-selected AGNs discussed in the current work. Note that the survey flux limits at redshifts z > 0.7 exceed the minimum X-ray luminosity requirement for the AGN selection used here; as a result of this incompleteness, our AGN sample is estimated to be missing up to six objects with X-ray luminosities L 2−10 keV < 10 42.5 erg s −1 at 0.7 < z < 1.2. Table 1 lists several relevant measurements of our AGNs and their host galaxies.
Control sample
Intrinsic properties (such as stellar masses and colours) of X-ray-selected AGN host galaxies differ from the general galaxy population (e.g. Kauffmann et al. 2003; Lacy et al. 2004; Hatziminaoglou et al. 2005; Stern et al. 2005; Barmby et al. 2006; Nandra et al. 2007; Bundy et al. 2008) . Comparing the colour gradients of AGN host galaxies to the colour gradients of quiescent galaxies occupying, for example, a different redshift range, may significantly affect the results inferred from the comparison. To guard against this, we create a control sample designed to match the AGN sample in redshift range and stellar mass range. For each X-ray-selected AGNs with redshift zAGN and stellar mass M * ,AGN, we include in the control sample all of the galaxies that have redshifts z galaxy and stellar masses M * ,galaxy such that
and Figure 3 . X-ray luminosity vs. redshift of AGN host galaxies. Luminosities corresponding to the on-and off-axis flux limits of the AEGIS Chandra 200-ks observations are indicated by the solid and dotted curves, respectively. Horizontal and vertical lines enclose the sample of X-ray-selected AGNs. We expect to miss no more than six objects with X-ray luminosities L 2−10 keV < 10 42.5 erg s −1 at 0.7 < z < 1.2.
where zmin, zmax, etc., are the minimum and maximum redshifts and stellar mass estimates for the AGN sample. For completeness, the control sample includes our AGN host galaxies (12 per cent of the control sample galaxies are identified as AGNs). The value 0.03 helps to minimize the effect of cosmic variance on the number of control galaxies assigned to each AGN host galaxy. One of the 56 AGN host galaxies does not have an available stellar mass, so there are no control galaxies specifically matched to this system. However, it has X-ray luminosities, redshifts, U − B colours and MB magnitudes typical of the AGN sample. Typical AGN host galaxies exhibit redder colours and higher stellar masses than the majority of galaxies not hosting AGNs (e.g. Lacy et al. 2004; Hatziminaoglou et al. 2005; Nandra et al. 2007; Schawinski et al. 2007) , suggesting that our control sample should approximately match the AGN sample with respect to galaxy colour. However, we do not find it necessary to explicitly match the colours of the AGN host galaxies to those of the control sample because of an approximate correlation between galaxy colour and estimated stellar mass, as shown in Fig. 4 . Among the least massive AGN host galaxies, the approximation of a correlation between colour and stellar mass appears to break down, but for the majority of the AGN host galaxies, it seems reasonable to select the control sample only on the basis of redshift and stellar mass.
Fig . 5 shows the stellar masses and redshifts of the AGN and control sample galaxies. As mentioned previously, one of the 56 AGN host galaxies is not represented on this figure, due to an unavailable stellar mass estimate. Fifty-four of the remaining 55 AGN host galaxies span a redshift range 0.4 < z < 1.2, and 54 have estimated stellar masses 10 < log(M * / M⊙) < 12. Due to the redshift distribution of the underlying AEGIS galaxies, which peaks at z ∼ 0.75 (cf. fig . Table 1 . Description of X-ray sample. OBJNO refers to the object number in the DEEP2 catalog. Wilson et al. 2007 ), AGN hosts with redshifts 0.7 < z < 0.8 have a relative overabundance of corresponding control galaxies (14 control galaxies/AGN host galaxy), while hosts with redshifts 0.2 < z < 0.7 or 0.8 < z < 1.2 have a relative underabundance (∼ 5 control galaxies/AGN host galaxy).
Colour-magnitude diagrams of the AGN and control samples
In Fig. 6 we present the optical colour-magnitude diagram (CMD) for the AGN and control samples. Most (52/56) of Figure 4 . Optical colour vs. stellar mass. Triangles represent AGN host galaxies; small gray circles represent the corresponding control galaxies (upper panel) or all galaxies at redshift 0.2 < z < 1.2 for which we have stellar masses (lower panel). The number of objects in each sub-sample is indicated on the figure. Note that the axes change scale between the two panels to accomodate the samples presented. On account of the approximate correlation between colour and stellar mass we do not explicitly use galaxy colour when selecting galaxies for the control sample.
our AGN host galaxies exhibit colours and MB magnitudes consistent with those of the control sample. The four outliers, which we describe below (see Table 1 for additional details), are generally brighter and/or bluer than galaxies in the control sample.
(i) OBJNO 12007954 [(MB, U − B) = (-24.07, 1.19)]: Le Floc'h et al. (2007) discussed this hyper-luminous infrared galaxy (hyper-LIRG; LIR > 10 12 L⊙), which has a foreground galaxy that may affect the observed photometry. This galaxy has a UV-optical colour NUV−R = 3.92, MR = −24.81 and X-ray hardness ratio HR = −0.182.
(ii) OBJNO 13035123 [(MB, U − B) = (-23.84, 0.89)]: This X-ray-selected AGN host galaxy lacks optical spectral features typical of AGNs. It is the third galaxy shown in Fig. 2 , exhibiting low surface brightness and strong poststarburst characteristics; dust reddening may affect the observed colours, and the UV-optical colour is available but considered unreliable. Its bright blue point source may affect the reliability of the measured colours and brightness, particulary because the Kcorrections were derived using a galaxy SED model, which may not properly reflect the QSO-like spectrum (i.e. weak broad lines) of this object.
(iv) OBJNO 12008225 [(MB, U − B) = (-21.77, 0.18)]: The final outlier exhibits broad lines in its optical spectrum and features a bright blue point source, which may again affect the estimated K-correction. Therefore, the apparent colour and brightness may be lower than the intrinsic values.
The control sample shown in Fig. 6 includes many faint blue galaxies (i.e. MB > −20.8 and U − B < 0.8) that lack obvious AGN counterparts. However, they are within the ranges of the AGN host galaxy colours and B band magnitudes. Almost half of these galaxies correspond to the least massive AGN host galaxy in our sample (cf. Fig. 5 ), and all but one correspond to AGN host galaxies less massive than log(M * / M⊙) < 10.6. The inclusion of these galaxies does not seem to affect the general results presented in later sections. Nandra et al. (2007) also presented a CMD featuring AEGIS X-ray sources and non-sources, and in order to properly compare the two figures, several differences between them need to be understood. First note the following differences regarding the X-ray sample: (1) Nandra et al. (2007) required spectroscopic redshifts 0.6 < z < 1.4 instead of our requirement of 0.2 < z < 1.2; and (2) our sample is restricted to the AEGIS region imaged by HST/ACS, while Nandra et al. (2007) also included X-ray sources external to the ACS-imaged region. Together, these two differences explain the absence in Fig. 6 of five bright blue AGN hosts that are shown by Nandra et al. (2007) ; these objects have redshifts 1.2 < z < 1.4 and/or are located outside of the ACS-imaged region. With respect to the galaxy samples, note that Nandra et al. (2007) included the faint blue-cloud galaxies that are generally not selected as part of our control sample (but are shown in the lower panel of Fig. 6 ). With Figure 6 . Optical colour-magnitude diagrams. Triangles represent AGN host galaxies; small gray circles represent the corresponding control sample (upper panel) or all galaxies with redshifts 0.2 < z < 1.2 (lower panel). Triangle colour and orientation indicate the level of X-ray obscuration, as noted on the plot. Diagonal lines separate the CMD into the optical blue cloud and red sequence. Note that the axes change scale between the two panels to best accomodate the sub-samples presented. The five AGN outliers are described in the text.
respect to the plots themselves, the vertical axis of the upper panel of our Fig. 6 differs from the CMD shown by Nandra et al. (2007) in order to better present our sample of mostly red-sequence galaxies. Fig. 7 shows the UV-optical CMD of the 428 control galaxies (51 of which host AGNs) for which we have NUV−R colour estimates. Boxed symbols indicate the 11 control galaxies (three of which host AGNs) for which the NUV−R colour estimates are considered unreliable (χ 2 > 10; cf. Section 2.5). From the AGN sample we have UV-optical colours for 91 per cent of the galaxies and reliable UV-optical colours for 86 per cent. In comparison, we have UV-optical colours for 93 per cent of the control sample and reliable UV-optical colours for 91 per cent. For analyses involving UV-optical colours, we only include the 417 control galaxies (including 48 AGN host galaxies) for which we have reliable UV-optical colours. Fig. 6 , except that boxed symbols represent galaxies for which χ 2 > 10, indicating unreliable UV-optical colours; horizontal lines separate the CMD into the UV-optical blue cloud, green valley and red sequence. The reliability of UV-optical colours appears to be colour-dependent; unreliable UV-optical colours are rare among red-sequence galaxies.
Potentially unreliable UV-optical colours appear to be more common among green-valley and blue-cloud galaxies than among red-sequence galaxies. The control galaxies that have unreliable UV-optical colours do not otherwise differ significantly from the general control sample. We do not attempt to calculate the UV-optical colours of AGN hosts for which the corresponding DEEP2 spectra fit a Type-1 (unobscured) template (Section 2.5). Such excluded AGN hosts include two of the lower luminosity X-ray-obscured systems (OBJNOs 12004450, 13009690), one of the lower luminosity X-ray-unobscured systems (OBJNO 13058137) and two of the higher luminosity X-ray-unobscured systems (OBJNOs 12008225, 13040909) . The nuclei of all five excluded AGN hosts are at least slightly bluer than the outer regions, but we do have reliable UV-optical colours for many similar systems. In contrast, the nuclei of the three AGN hosts (OBJNOs 12020452, 12024323, 13035123) for which NUV−R colours are available but considered unreliable are at least slightly redder than their outer colours. Because of the varied characteristics of the excluded AGN host galaxies, the sub-samples for which we have reliable UV-optical colours are still representative of the original samples.
RESULTS
4.1 U − B aperture colours Fig. 8 presents the distribution of the outer U − B colours, measured within an annulus having an inner radius at 0.2 arcsec and an outer radius at 1.5 arcsec, for the AGN sample (open histograms) and the control sample (solid histograms). Though both the AGN and control samples exhibit red-blue colour bimodalities, the red AGN host galaxies tend to be bluer than the red control galaxies, while the blue AGN host galaxies are typically redder than the blue control galaxies. Because most of the colours are not likely The AGN and control samples both exhibit colour bimodality, but the outer colours of red AGN hosts are bluer than those of the control galaxies, while the outer colours of blue AGN hosts are redder than those of the control galaxies. Unexpectedly, in the outer regions of the galaxies X-ray-unobscured AGNs exhibit blue colours, while X-ray-obscured AGNs exhibit red colours.
to be contaminated by blue AGN light, the AGN host galaxies appear to have younger stellar populations than typical red-sequence galaxies.
A two-dimensional Kolmogorov-Smirnov test (K-S test; Fasano & Franceschini 1987) indicates that the outer colours of the control and AGN samples exhibit only a 15 per cent probability of having been drawn from the same parent population. By splitting the AGN sample into Xray-unobscured (HR < −0.25) and X-ray-obscured (HR > −0.25) sub-samples, as shown in the middle and bottom panels, respectively, we find that X-ray-unobscured AGNs comprise most of the blue peak, while most AGNs comprising the red peak are X-ray-obscured. The outer colours of the obscured and unobscured samples show a very low probability (<< 1) of having been drawn from the same parent population and probabilities of 0.05 per cent and 4 per cent, respectively, of having been drawn from the same parent population as the control sample.
Nuclear U − B colours (from the region enclosed by a circle of radius 0.15 arcsec) are shown in Fig. 9 ; the top panel again presents the control sample and the entire AGN sample. The nuclear colours of the control sample galaxies are not bimodal; instead the distribution features a red peak and a blue tail. The AGN colour distribution also features a red peak, though with a more substantial blue tail. For the nuclear colours, a K-S test indicates a low probability (2 per cent) that the control and AGN samples were drawn from the same parent population. The lower two panels of Fig. 9 show that AGN host galaxy nuclear colours are also corre- Figure 9 . Distributions of the nuclear colour (U − B)nuc (measured using circles of radius 0.15 arcsec) for the AGN and control samples. The number of control sample galaxies is normalized to faciliate comparison with the AGN sample. Panels and histograms are as in Fig. 8 . Although AGN hosts still show a colour bimodality, the control galaxies have a single red peak.
lated with X-ray obscuration. The predominant red peak of the AGN colour distribution mostly includes X-ray-obscured AGNs (lower panel), while the blue tail is mainly comprised of X-ray-unobscured AGNs (middle panel).
Whether considering the outer colours or the nuclear colours, we find that X-ray-unobscured AGNs are generally bluer than X-ray-obscured AGNs. We also find that the nuclear colours of galaxies hosting AGNs, particularly unobscured AGNs, are more often blue than the nuclear colours of the control sample. This is illustrated by Fig. 10 , which shows the outer colours vs. the nuclear colours of AGN hosts and control galaxies. Just like for the outer colours, the probability that the nuclear colours of the obscured and unobscured AGNs are drawn from the same parent population is small, as is the probability that the unobscured AGNs are drawn from the same parent population as the control galaxies. However, the nuclear colours of the obscured AGN hosts exhibit a 34 per cent probability of having been drawn from the same parent population as the control galaxies.
We further find that the median colour gradients [defined here as ∆(U − B) = (U − B)nuc − (U − B)out] differ between the control galaxies and the X-ray hosts, as shown in Fig. 11 , where we separate the X-ray hosts and control galaxies into sub-samples according to optical colour and Xray hardness ratio [panels (a)-(c)] or visibility of an optical point source [panel (d) ]. Red-sequence AGN hosts exhibit an almost non-existent colour gradient for all levels of X-ray obscuration. Green-valley and blue-cloud galaxies hosting obscured AGNs exhibit nuclear colours that are typically redder than their outer regions. Galaxies of all colours that host obscured AGNs exhibit colour gradients that are very similar to the colour gradients shown by the control sample galaxies (small gray circles, solid line).
Panels (a)-(c) of Fig. 11 demonstrate a clear contrast between the colour gradients of galaxies hosting obscured AGNs and those hosting unobscured AGNs. In general, the nuclei of galaxies hosting unobscured AGNs (blue inverted triangles) are estimated to be significantly bluer than their outer regions, and the difference increases as the integrated optical colours change from red to blue. The median colour gradients of the control sample galaxies shows that those in the blue cloud exhibit the strongest colour gradients, such that the nuclei are redder than the outer regions of the galaxies, which is the opposite of what we find among blue-cloud AGN hosts. A similar colour gradient is also evident among green-valley control sample galaxies, though to a lesser extent. Linear fits to the colour gradients of the control sample and the two AGN sub-samples appear to depend slightly on both redshift and B band magnitude, but due to the scatter present in the sub-samples, we do not consider these to be significant results.
The disparity between the colour gradients of the unobscured AGN hosts and the control galaxies in the blue cloud are quantitatively confirmed by a two-dimensional K-S test, which indicates a probability << 1 that the two samples are drawn from the same parent population. The median control galaxy colour gradient at ∆(U − B) > 0 further emphasizes the result that the outer regions of control sample galaxies are typically bluer than the nuclear regions. In contrast, the AGN sample exhibits a wider distribution of colour gradients between the nuclear and outer regions, extending to ∆(U − B) ∼ −0.8.
Higher X-ray luminosities (L 2−10 keV > 2 × 10 43 erg s −1 ), indicated by encircled symbols in panels (a)-(c) of Fig. 11 , appear to be associated with stronger colour gradients for unobscured AGN hosts. The high-luminosity X-rayunobscured AGNs exhibit gradients more negative than or consistent with the average for the unobscured sub-sample, indicating that the nuclei are particularly blue compared to the outer colours. In addition, half of the high-luminosity X-ray-obscured AGNs have gradients that are larger than the median for the obscured sub-sample, indicating that the nuclei are particularly red compared to the outer regions. As discussed in Section 3.1, the X-ray luminosities represent lower limits for the obscured AGNs, thus two of the Fig. 4 . The diagonal gray line shows where (U − B)out = (U − B)nuc. Most of the unobscured AGN host galaxies have relatively blue nuclear colours, while the obscured AGN host galaxies and the control galaxies exhibit roughly similar outer and nuclear colours.
'lower luminosity' X-ray-obscured AGNs that have colour gradients slightly lower than the average for that sub-sample [e.g. ∆(U − B) ∼ −0.1] have intrinsic X-ray luminosities estimated to be slightly in excess of L 2−10 keV = 2 × 10 43 erg s −1 .
Finally, we find that the outer regions of galaxies hosting unobscured AGNs typically exhibit colours that are redder than the nuclear regions [∆(U − B) < 0] and have a very low probability of having been drawn from the same parent population as the control sample. Obscured AGNs exhibit nuclear and outer colours similar to those of the control galaxies, but with a wider distribution in ∆(U − B), demonstrating that even hosts of obscured AGNs exhibit different colour gradients than typical control galaxies. One final K-S test indicates that the colour gradients of the obscured and unobscured AGN samples (independent of the integrated colours of the host galaxies) have only a 0.4 per cent probability of having been drawn from the same parent population.
In panel (d) of Fig. 11 we again present the colour gradients, now indicating the visibility of a point source, following the criteria described in Section 2.1. Most of the clearly identified point sources (blue inverted triangles) are located in galaxies with particularly blue nuclear colours and are generally the same galaxies that are X-ray-unobscured and X-ray-luminous [compare to panels (a)-(c)]. AGNs for which we are unable to identify a point source generally coincide with X-ray-obscured AGN host galaxies. This suggests that very blue nuclear colours may reliably indicate the presence of visible nuclear point sources. The median colour gradients of the control sample and the AGN samples having either clearly identified point sources or no clear point source are relatively similar to the median gradients of the AGN and control galaxy samples shown in panels (a)-(c).
Furthermore, panel (d) of Fig. 11 shows that if an Xray-selected AGN has an obvious point source, it is likely to have very different nuclear and outer colours (large absolute gradients), and if an X-ray-selected AGN does not have an obvious point source, it is likely to have similar nuclear and outer colours. Panels (a)-(c) of Fig. 11 indicate that the highest levels of potential AGN light contamination of observed optical colours seem to correlate with unobscured AGNs (HR < −0.25). Thus, AGN colour contamination seems most likely to occur in AGN host galaxies that have visible point sources and low X-ray obscuration. Finally, we find very few control galaxies that exhibit colour gradients similar to those of the luminous unobscured AGN host galaxies and are not already identified as AGNs.
Overall, Figs 8 -11 indicate that galaxies hosting unobscured X-ray-luminous AGNs tend to have high current or recent star formation rates. Though the very blue nuclear colours (Fig. 9 ) of these galaxies may be influenced by the AGNs, the significant colour gradients shown in Fig. 11 suggest that the blue colours of the outer regions (Fig. 8) accurately characterize the dominant stellar populations, while the nuclear regions are alone contaminated by AGN light. On the other hand, obscured X-ray-luminous AGNs tend to be hosted by intrinsically red galaxies with even redder nuclear regions, suggesting minimal current or recent star formation. In general, hosts of X-ray-obscured AGNs exhibit colour gradients similar to those of the control sample galaxies, with nuclear colours similar to or slightly redder than the outer regions.
The colours and colour gradients of the control galaxies and hosts of X-ray-unobscured AGNs may be explained in terms of the expected distribution of star formation in the galaxies. Younger (bluer) stars would be expected in the discs of non-AGN hosts more so than in the bulges, while the activity fueling significant black hole growth may at the same time contribute to star formation in the nuclear regions of an AGN host galaxy. We could then conclude that Xray-obscured AGNs are undergoing minimal star formation either in the nuclear regions or in the outer regions.
Based on Figs 6-11, we find that the integrated and outer colours of the control galaxies possess a bimodality roughly consistent with the colour bimodality demonstrated by the general population of galaxies at z ∼ 1 (e.g. Willmer et al. 2006; Faber et al. 2007 ). In contrast, the control galaxy nuclear colours feature a red peak with a blue tail. We further find a colour gradient with a single broad distribution peaking near ∆(U − B) ∼ 0.07, in agreement with Koo et al. (2005) who found that the bulges of late-type galaxies at redshifts z ∼ 1 are typically redder than the accompanying discs.
We find that the integrated, outer, and nuclear colours of AGN host galaxies correlate with the level of X-ray obscuration experienced by the AGNs, in that blue-cloud AGN hosts typically suffer less obscuration than red-sequence AGN host galaxies. This is the opposite of what one might expect from consideration of the interstellar medium, which is thought to be more prevalent in blue-cloud galaxies than in red-sequence galaxies. However, the material obscuring the X-ray emissions from an AGN may be located in a more concentrated region near the black hole, which may then indicate a problem with models that predict that AGN feedback would remove such material from the nuclear regions before (or while) shutting down star formation in the outer regions of the galaxy. As mentioned above, we also find that the integrated colours of red-sequence AGN hosts are bluer than those of red-sequence control galaxies, and the integrated colours of blue-cloud AGN hosts are redder than those of blue-cloud control galaxies, possibly indicating a connection between the presence of an AGN and the star formation in the host galaxy (see, e.g., Schawinski et al. 2007; Georgakakis et al. 2008) .
X-ray obscuration also correlates with AGN host galaxy colour gradients. Though red-sequence AGN host galaxies are typically obscured, both those that are obscured and those that are unobscured have colour gradients very similar to the red-sequence control galaxies (∆U −B ∼ 0). Obscured AGNs in blue-cloud galaxies have colour gradients ∆U −B ∼ 0.1, which is again very similar to the blue-cloud control galaxies. In contrast, the X-ray-unobscured AGNs hosted by blue-cloud galaxies have nuclear regions that are noticeably bluer than the outer regions (∆U − B ∼ −0.25). The colour gradient decreases (indicating even bluer nuclei) for highluminosity AGNs, which is due in large part to the visibility of the AGN for many of these systems, as indicated in panel (d) of Fig. 11 . Finally, we also observe that the luminous obscured AGNs have slightly redder colour gradients than the less luminous obscured AGNs.
NUV−R integrated colours
As discussed in Section 1, UV-optical colours are particularly good indicators of recent star formation, but they may also be rather sensitive to contamination from AGN light. In the preceding section, we presented the nuclear and outer colours of AGN host galaxies. We now compare these colours to the integrated UV-optical colours of the same galaxies to explore the effect of an AGN on the measured galaxy colours and the estimated star formation rates. In particular, we are concerned with the possibility that AGN host galaxies may appear too blue, which is particularly relevent for AGNs that are identifiable as visible point sources.
Work by Kauffmann et al. (2007) , using a low-redshift sample of optically selected AGNs, established a lack of colour contamination among the AGN host galaxies in their sample (Section 1). However, the AGNs considered in the current work are X-ray-selected and at higher redshifts (z ∼ 1). The presence of visible point sources in many of our AGN host galaxies [cf. panel (d) of Fig. 11 ] underscores the importance of checking this particular sample for potential contamination of AGN host galaxy integrated colours.
Integrated UV-optical colours are unavailable for certain galaxies in the AGN and control samples. In addition, a few of the available UV-optical colours are considered unreliable due to high values of χ 2 (cf. Section 2.5). However, as discussed in Section 3.3, the galaxies for which we do have reliable UV-optical colours are representative of the full sample. Fig. 12 presents the outer optical colours (U − B)ext and integrated UV-optical colours NUV−R. We observe a tight correlation between the outer optical colours, which are expected to accurately represent the intrinsic colours of AGN host galaxies, and the integrated UV-optical colours. From this we conclude that, in general, an active nucleus does not significantly affect the integrated colours of an AGN host galaxy, even when near-UV colours are used. The results are similar for integrated optical colours, as we show in Fig. 13 , though five AGNs scatter off the ridge- Figure 12 . Outer optical colours vs. integrated UV-optical colours. Symbols are as described for Fig. 11 , except boxed symbols indicate galaxies for which the NUV−R colours are not considered reliable. UV-optical colours are not available for galaxies represented by symbols at NUV−R < 1. Vertical lines separate the figure into NUV−R red, green and blue colour regions. The number of objects in each sub-sample is indicated on the figure. The outer optical colours and integrated UV-optical colours exhibit a tight correlation, indicating that an AGN typically does not contaminate the measured integrated colours of its host galaxy. Figure 13 . Outer optical colours vs. integrated optical colours. Samples and symbols are as described for Fig. 12 . As in Fig. 12 , the close correlation between the outer and integrated colours indicates a general lack of contamination from AGN light.
line toward bluer integrated colours (OBJNOs 12012471, 13026061, 13042389, 12028367, and 12012474) , three of which (OBJNOs 12012472, 12028367, and 12012474) show probable nuclear point sources.
There are three AGN host galaxy outliers in Fig. 12  (OBJNOs 13026061, 12012471, and 13035123) , one of which has unreliable UV-optical colours (OBJNO 13035123); compared to their outer optical colours, they all seem to be slightly too blue in the UV-optical colours. The most X-ray luminous of the three (OBJNO 13026061) is also the most deviant from the colour-colour correlation. The single control galaxy that deviates considerably from the correlation (OB-JNO 12008055) has an unreliable UV-optical colour. Based on its optical spectrum, it is classified as a Seyfert galaxy, but it is outside of the Chandra X-ray survey region, so its X-ray luminosity is unknown.
We observe a near separation between the UV-optical colours of obscured and unobscured AGNs at NUV−R = 3.5 in Fig. 12 ; obscured AGN host galaxies (red triangles) exhibit redder colours, and unobscured AGN host galaxies (blue triangles) exhibit bluer colours. This separation is especially true for the more X-ray luminous AGNs, while the colours of some of the lower luminosity AGNs are unexpected with respect to the level of X-ray obscuration. In particular, one of the reddest hosts has a very low level of obscuration (OBJNO 12020028; HR = −0.49). In general, the blue obscured AGNs are not strongly obscured (HR < 0.03), with one exception (OBJNO 12016316; HR = 0.77). Thus, for both the aperture colours and the integrated colours we observe the trend that unobscured AGNs tend to be hosted by blue galaxies and obscured AGNs tend to be hosted by red galaxies.
Since we use a control sample designed to match the intrinsic characteristics of the AGN host galaxies (Section 3.2), we can estimate the fraction of UV-optical red-sequence, green-valley and blue-cloud galaxies that are identified as AGNs. We identify 8.7 +4 −3 per cent of the red-sequence galaxies as X-ray-selected AGNs; the fraction of blue-cloud galaxies that are selected as AGNs comes in next at 9.8 ± 3 per cent; AGNs are most prevalent in the green valley where 14.7 +4 −3 per cent of the control sample galaxies host X-rayselected AGNs. The differences between these fractions are only suggestive as they are all consistent with one another, so we conclude that AGN are present in roughly 12 per cent of the control galaxies, regardless of the integrated UVoptical colour.
Finally, in Fig. 14 we present the relationship between the nuclear U − B colours and the integrated UV-optical colours. The control galaxies (small gray circles) exhibit a loose correlation between the nuclear and integrated colours, such that the nuclear colours redden with the integrated colours until NUV−R ∼ 4.5, where the optical nuclear colours saturate as the UV-optical colours continue to redden. The host galaxies of the X-ray-obscured and lower luminosity X-ray-unobscured AGNs generally exhibit the same loose correlation and have colours consistent with the control sample galaxies. However, the higher luminosity, X-rayunobscured AGNs (L 2−10 keV > 2 × 10 43 erg s −1 ; encircled inverted triangles) exhibit very blue nuclear colours, supporting our earlier conclusion that these AGNs show noticeable blue point sources, which do not significantly affect the integrated colours.
In conclusion, X-ray obscuration and/or luminosity appear to correlate with the nuclear colours of our AGN host galaxies. Higher luminosity, unobscured AGNs have blue nuclear colours, as mentioned above. The lower luminosity, X-ray-unobscured AGNs generally have redder nuclear colours than the higher luminosity systems, but bluer nuclear colours than galaxies hosting obscured AGNs. Among the X-ray-obscured AGNs, there is not a clear correlation between nuclear colour and X-ray luminosity. 
DISCUSSION
AGN host galaxy colours
Several of the figures presented in the previous section suggest a correlation between host galaxy colours (optical and UV-optical) and X-ray obscuration. In particular, we find that red galaxies typically host obscured AGNs while blue galaxies host unobscured AGNs, suggesting a connection between the galaxy's star formation history and the cloud obscuring the central accretion disc. If the outer regions of a galaxy are still dominated by young stars when the AGN is unobscured, then the energetic feedback often predicted to clear the nuclear regions and halt star formation is clearly not functioning as expected. The nuclear regions have been cleared, but star formation continues. Thus, we do not yet sufficiently understand the timescales during which these processes operate.
As an alternative to a correlation between significant AGN obscuration and rapidly aging (and hence reddening) stellar populations, some of our galaxies may be experiencing dust-enshrouded star formation, with the host galaxies playing a role in obscuration of the soft X-rays emanating from the nuclear regions (e.g. Rigby et al. 2006) . In this case, we might expect similar star formation rates in both the red and blue AGN host galaxies. However, many authors (e.g. Bell et al. 2004; Silverman et al. 2005; Georgakakis, Georgantopoulos & Akylas 2006; Rovilos & Georgantopoulos 2007) have found that high fractions of optically red galaxies, even those hosting luminous X-ray sources, exhibit early-type morphologies, in which we do not expect to find significant dust-enshrouded star formation. Visual inspection of the HST/ACS images of our red-sequence AGN host galaxies confirms that most do indeed exhibit earlytype morphologies, although one (OBJNO 12004450) also features a prominent dust lane and another appears to have a fairly prominent blue disc (OBJNO 12025302) around a red nucleus. Kauffmann et al. (2007) measured the host galaxy optical and UV-optical colours of a low-redshift (z ∼ 0.05) AGN sample selected using optical spectroscopy. Taking advantage of the ability to measure the nuclear spectra of a nearby sample, they estimated the ages of the nuclear stellar populations [using Dn (4000) and HδA] and the AGN accretion rates (using L [OIII] ). In addition, they measured the integrated optical (g − r) and UV-optical (NUV−r) galaxy colours and considered the optical (g − i) colour profiles. Galaxies hosting strongly accreting AGNs contained young stellar populations in the outer regions (as determined by blue g − i colours) and in the nuclear regions (as determined by HδA); Kauffmann et al. (2007) found a strong correlation between the accretion rate and the age of the nuclear stellar population. However, they also determined that the nuclear colours were independent of the AGN accretion rates, and that the integrated UV-optical colours were not correlated with the age of the nuclear stellar population. Furthermore, they found that a young stellar population in the outer region does not correlate with either a young nuclear stellar population or a high AGN accretion rate.
Previous observational analyses
Even though the sample discussed here (at z ∼ 1 and X-ray-selected) differs from the sample used by Kauffmann et al. (2007) , the two sets of results are consistent in that we also find that the integrated UV-optical colours are only loosely correlated with the nuclear optical colours of the galaxies. In the context of the present study, we take this to mean that the integrated UV-optical colours are not biased by the nuclear regions (particularly the accreting black hole) of most AGN host galaxies. Thus, what Kauffmann et al. (2007) showed for the hosts of low-redshift, optical spectroscopically selected AGNs, we have shown to also be true for their higher-redshift, X-ray-selected counterparts.
Comparisons to models
We now compare our results to the three models of AGN feedback described in Section 1 and the effects on star formation in the host galaxy. For each of the models, we summarize the proposed scenario and then compare it to the colour gradients presented in Section 4.1, along with the AGN X-ray luminosities and obscuration.
Mergers and quasar feedback
In a pair of papers, Hopkins et al. (2008a Hopkins et al. ( , 2008b described the results of applying the following two hypotheses to cosmological simulations: (1) major mergers between gas-rich galaxies trigger quasars, though they may also be triggered by alternate processes (Hopkins et al. 2008a) , and (2) such mergers will lead to short-term quenching of star formation (Hopkins et al. 2008b) . The expected applicability of the models presented by Hopkins et al. (2008a Hopkins et al. ( , 2008b ) changes with redshift. AGNs (specifically, quasars) at redshifts z > ∼ 1 are typically caused by mergers, while secular mechanisms, such as disc instabilities, activate black hole growth at lower redshifts (0 < z < 0.5).
Results based on the first hypothesis suggest a rapid progession from an optically blue, star-bursting galaxy hosting an obscured quasar to a quenched red-sequence galaxy briefly hosting an unobscured, dying quasar (Hopkins et al. 2008a) . Consideration of the second hypothesis led the authors to conclude that while the starburst accompanying a merger of gas-rich galaxies will quickly consume enough gas to quench itself (leaving a red merger remnant), the result will be temporary, and some form of feedback will be necessary to maintain the colour. Feedback from, for example, a quasar (as described by Hopkins et al. 2005a Hopkins et al. , 2005b , shocks, tidal heating or winds driven by starbursts could provide the energy necessary to maintain a high gas temperture for an outer period of time, thereby at least partially accounting for the observed red-sequence population (Hopkins et al. 2008b) .
This scenario seems to explain at least one of our AGN host galaxies quite well. The z ∼ 1 galaxy (OB-JNO 12020452) exhibits blue outer and integrated colours [(U − B)out = 0.48 and (U − B) integrated = 0.53 in Fig. 13] and has a high X-ray luminosity (L 2−10 keV = 1.8 × 10 44 erg s −1 ), yet the AGN itself is obscured (HR= 0.01). The HST/ACS images show a prominent offset nucleus with a large, possibly dusty, region extending to one side, suggestive of an ongoing interaction or merger. The mild X-ray obscuration and young stellar population suggest that the galaxy has not (yet) experienced any significant feedback from the AGN, putting it in an early stage of the scenario presented by Hopkins et al. (2005a Hopkins et al. ( , 2005b Hopkins et al. ( , 2008a Hopkins et al. ( , 2008b .
Although Fig. 6 is consistent with the result presented by Hopkins et al. (2008a) that AGN hosts tend to be red (or located towards the red edge of the blue cloud), this figure also demonstrates a potential challenge to the final stages of the merger scenario, as it is described by Hopkins et al. (2005a Hopkins et al. ( , 2005b Hopkins et al. ( , 2008a . In our sample, most of the AGN host galaxies located on the red sequence are X-ray obscured, which is inconsistent with a prediction that feedback from the AGN forced the gas supply away from the nuclear regions while (approximately) simultaneously quenching star formation. However, Bundy et al. (2008) observed that local, optical spectroscopically selected AGNs may exhibit greater consistency with this scenario than higher-redshift, X-rayselected AGNs.
Maintenance of giant elliptical galaxies
Specifically addressing a cycle that giant elliptical galaxies may undergo, Ciotti & Ostriker (2007) presented a scenario that intimately links host galaxy stellar populations with black hole growth and AGN feedback. In their picture, supernovae release metal-rich gas from aging stellar populations, about half of which is caught up in galactic winds, while a radiative instability causes about half to collapse toward the nuclear regions and feed a central starburst; the remaining small fraction of the gas (estimated at < 1 per cent) feeds the central SMBH. Though initially obscured (Compton-thick; NH > 10 24 cm −2 ), the AGN and nuclear starburst are gradually revealed as they consume the gas. Finally, an expanding central hot bubble, created by energetic feedback from the AGN, is expected to shut down the black hole growth and star formation. A luminous AGN is expected to be briefly visible before fading to a low-luminosity AGN in a galaxy with a mixed-age stellar population. This cycle may repeat after the nuclear regions have cooled sufficiently.
With a predicted duty cycle of only a few per cent, we expect to detect no more than one X-ray-luminous, unobscured AGN (i.e., a system in the predicted QSO phase) in our sample. Though we observe one red-sequence AGN host that has an apparent point source (OBJNO 13009690), it is X-ray-obscured and thus does not quite fit the predictions of this scenario. However our lack of observing systems during the QSO phase predicted by this model is not surprising, given the predicted rarity of such systems, and probably cannot be used to rule out the effectiveness of this scenario at explaining the relationships between AGN and their host galaxies.
We do not expect to detect Compton-thick AGNs with the AEGIS Chandra survey, so such objects would not be included in our AGN sample. However, they may be included in the control sample, because they would possess redshifts and stellar masses similar to those of AGN host galaxies. AGNs that are obscured but not quite Comptonthick (e.g. 10 22 cm −2 < NH < 10 24 cm −2 ) should contribute to our sample of X-ray-selected AGNs, exhibiting low X-ray luminosities, significant obscuration of soft X-rays and red nuclear regions. As shown by Figs 9 and 11, our sample contains several systems that match this description.
Continuing to follow the scenario described by Ciotti & Ostriker (2007) , systems that we would observe as QSOs are expected to exhibit high X-ray luminosities, low X-ray obscuration and blue nuclear colours. As indicated by the encircled, blue, inverted triangles in panel (c) of Fig. 11 , our AGN sample certainly contains systems fitting this description. However, for many of these systems it is not certain that the blue nuclear colours result entirely from the presence of young nuclear stars. We expect the AGN light to bias the nuclear colours of the most X-ray-luminous, unobscured AGNs, but several of the low-luminosity, unobscured AGNs also exhibit blue nuclear colours. This may represent a stage part way between the initial QSO and the final E+A stage, in which star formation has stopped, but the stellar populations are still young. Unobscured AGNs exhibiting red nuclear colours may correspond to the final population of galaxies exhibiting low X-ray luminosities and E+A spectra.
We may thus interpret Fig. 11 in the following manner:
(i) The lower X-ray luminosity, obscured systems (uncircled red triangles) represent recently triggered AGNs. They are heavily obscured, but not Compton-thick. Central starbursts subjected to heavy obscuration lead to the typically red nuclear colours.
(ii) Obscured but highly X-ray luminous AGNs (encircled red triangles) may represent a slightly later stage during which the AGNs are approaching peak growth, but have not yet caused sufficient feedback to shut down star formation and significant black hole accretion.
(iii) Unobscured AGNs exhibiting high X-ray luminosities (encircled blue inverted triangles) have recently caused the expansion of a central hot bubble, shutting down the star formation and AGN growth, but briefly revealing the AGN as a QSO. The nuclear light of the host galaxies may suffer contamination from the AGN light, making it difficult to determine the definite ages of the nuclear stellar population.
(iv) Low X-ray luminosities in unobscured AGNs (uncircled blue inverted triangles) would indicate the final stage of the AGN cycle, in which the black hole growth has significantly slowed and the stellar population has begun to age and redden, explaining the redder nuclear colours of some of the host galaxies. Three of the red-sequence AGN hosts represented in Fig. 6 (OBJNOs 13025417, 13027442 , and 12020028, in order of decreasing B magnitude) exhibit low X-ray luminosities and obscuration, making them candidates for this stage of the scenario.
The model presented by Ciotti & Ostriker (2007) seems consistent with the characteristics of a sub-sample of the observed AGN host galaxies, but does not fully explain either every characteristic or every AGN host. For example, several of the unobscured AGN host galaxies represented in Figs 8 and 11 exhibit blue outer colours. This scenario does not provide an obvious explantion for the apparent star formation in the outer regions of the galaxy, particularly if the AGN is triggered by gas collapse toward the nuclear regions. We may expect that expansion of the central hot bubble connects the X-ray obscuration of the AGN with the nuclear colours, but it would not be expected to significantly affect the outer colours.
'Radio mode' accretion and feedback
Croton et al. (2006) presented two complementary scenarios for AGN accretion and feedback, one of which (the 'quasar mode') is very similar to the model discussed by Hopkins et al. (2005a Hopkins et al. ( , 2005b Hopkins et al. ( , 2008a , so we will focus our comparison to their work on 'radio mode' accretion and feedback. This scenario refers to the central black hole of a static hot gas halo accreting material at a rate significantly less than the Eddington limit. It is most important to black hole growth at redshifts z < 2, when quasar mode accretion is believed to decrease in importance (see fig. 3 of Croton et al. 2006 ). Based on their findings, Croton et al. suggested that feedback from radio mode accretion may be enough to halt star formation in the host galaxy, allowing the stellar populations to age and redden. Though not explicitly predicted from the radio mode models, we would expect such systems to exhibit red optical colours (nuclear and outer) and relatively low Xray luminosities, due to the low rate of accretion of material on to the black hole.
Figs 12 and 14 show that our sample contains AGN host galaxies that appear to be consistent with the scenario described by Croton et al. (2006) . Several obscured AGN host galaxies exhibit low X-ray luminosities (L 2−10 keV < 10 43 erg s −1 ) and red optical colours in both the nuclear and outer regions; most of these galaxies exhibit green-valley and red-sequence UV-optical colours. Clearly, this scenario is not meant to describe the observations of all AGN host galaxies at all times, but it does offer an additional explanation to supplement the models presented by Ciotti & Ostriker (2007) , Hopkins et al. (2008a Hopkins et al. ( , 2008b and many others. However, current semi-analytic models, such as that described by Croton et al. (2006) , do not provide enough details to allow for a conclusive comparison with the work presented here.
The models described above apply to different galaxy populations, such as isolated giant ellipticals and interacting gas-rich discs. Therefore, it is not surprising that none of the models accurately describe all the characteristics of observed AGNs. Instead, each model describes a sub-sample of the observed population. Because of the incredible variety of AGN host galaxies, it seems reasonable to expect that multiple explanations are needed to properly describe them all. In addition, the time scales of the processes involved seems quite important for comparisons between observations and the models.
Incompleteness of the AGN sample
AGNs can be selected by a variety of methods, such as the X-ray luminosity requirement used for the current study, characteristic emission lines or emission line ratios from optical spectra (e.g. Baldwin, Phillips & Terlevich 1981) , infrared colours (e.g. Lacy et al. 2004; Stern et al. 2005; Hatziminaoglou et al. 2005) , radio powers (e.g. Condon 1992 ) and radio/mid-IR ratios (e.g. Drake et al. 2003; Donley et al. 2005) . However, these methods do not provide identical AGN samples, complicating attempts to characterize a 'typical' AGN host galaxy. Perhaps the most commonly identified problem with X-ray selection is that the accretion discs of many AGNs experience significant attenuation from an obscuring cloud, that is, they are Compton-thick (NH > 10 24 cm −2 ); the X-rays are absorbed by the intervening material and re-emitted at IR wavelengths. On the other hand, lower levels of obscuration may prevent spectral identification of AGNs without hindering X-ray detection (e.g. Rigby et al. 2006) . Donley et al. (2005) studied a sample of AGNs selected by the radio/mid-IR ratio (radio-excess), and they found that only 40 per cent of such AGNs are also detected by X-ray observations in the Chandra Deep Field-North (> 1 Ms). They found few differences between characteristics such as X-ray to optical ratios and column densities of X-ray-detected and weakly X-ray-detected samples, suggesting that the two samples represent intrinsically similar AGN populations. The 'weakly X-ray-detected' sample was comprised of X-ray sources detected at a lower significance than was required for the initial sample; these sources were only detected after the positions of their host galaxies had been determined. The inability to detect 60 per cent of the radio-excess AGNs could be explained by the orientation of the accretion disc relative to an observer's line-of-sight to the galaxy, instead of intrinsic differences in the AGNs.
Though Donley et al. (2005) did not address the colours of the AGN host galaxies, if the detected and undetected AGN populations are intrinsically similar, then it would be reasonable to expect that the colour gradients of the undetected AGN hosts would be similar to the colour gradients of the AGN hosts discussed in the current study. This conclusion is further supported by the similar distributions of column densities shown by Donley et al. (2005) , which are related to the X-ray hardness ratios presented in the current study. Thus the relationships between colour gradients and column densities should be similar to the relationships discussed in Section 4 between colour gradients and hardness ratios.
By stacking X-ray observations of galaxies that are not individually detected by the 200 ks AEGIS Chandra survey, Georgakakis et al. (2008b) found significant samples of Compton-thick AGNs and partly obscured low-luminosity AGNs. The host galaxies of these X-ray-undetected AGNs exhibit colours that place them on the red sequence or in the region between the red sequence and the blue cloud, which is consistent with what is found for the AGNs that are detected by the X-ray surveys. This again suggests that despite the incompleteness of the X-ray selection technique due to X-ray obscuration, inclusion of the missing AGNs would probably not significantly affect the results presented here.
The AGN sample described in Section 2 does not contain any spectroscopically identified QSOs (i.e. broadline AGNs), though it does include eight AGNs that have L 2−10 keV > 10 44 erg s −1 , which has also been used to define QSOs (e.g. Barger et al. 2007 ). The lack of spectroscopically identified QSOs is due in part to the rarity of such objects at redshifts z ∼ 1 and in part to our requirement for reliable spectroscopic redshifts. The DEEP2 Redshift Survey selects against blue, point-like sources (see e.g. Faber et al., in preparation, and Willmer et al. 2006) , such as galaxies dominated by AGN light. If we included these sources in the current study, they would probably be located in the lower right corners of Figs 6 and 7. We expect that the nuclear colours would appear blue, because the galaxies would be dominated by the AGN light, and that the hardness ratios would indicate very low levels of obscuration. If QSOs are simply more luminous versions of the AGNs currently identified as unobscured and X-ray-luminous, then although the host galaxies would exhibit blue outer colours ((U − B)out < 1; cf. encircled, blue inverted triangles in Fig. 12 ), the nuclear colours would be even bluer (∆(U −B) < 0; cf. Fig. 11 ), indicative of ongoing star formation in the nuclear regions of the galaxy. However, if QSOs comprise a unique population, with respect to the colour gradients, and the outer colours were accurately determined to be blue, then we could conclude that the QSOs represented a stage in which stars were still actively forming in the outer regions of the galaxy.
One final note regarding the completeness of our AGN sample. Five AGN host galaxies are excluded from part of the analysis because their spectra are such that we are unable to determine UV-optical colours (Sections 2.5, 4.2). However, the characteristics of these AGNs and their host galaxies do not follow an identifiable trend (particularly with respect to X-ray luminosity or obscuration) that would set them apart as a unique population of AGNs. Thus, although we are unable to analyse the UV-optical colours of these AGNs, from our analysis of the optical colours and other characteristics of the systems (e.g. X-ray luminosities and hardness ratios), we do not expect that the inclusion of them would significantly affect the results presented here.
5.5 X-ray sources in red and blue galaxies Bundy et al. (2008) investigated the quenching of star formation in AGN host galaxies by studying the host galaxy colours, accretion rates and stellar masses of X-ray-selected AGNs. Blue galaxies host the majority of their most Xray-luminous AGNs (L 2−10 keV > 10 44 erg s −1 ), though they note that the AGNs may bias the measured host galaxy colours. Figs 12-14 support the result from Bundy et al. (2008) that very luminous X-ray-selected AGNs (here, L 2−10 keV > 2×10 43 erg s −1 ; encircled symbols) tend to have blue host galaxies. Supporting the caution from Bundy et al. (2008) about a possible colour bias, we also find that these blue AGN host galaxies exhibit significant colour gradients (Fig. 11) , generally experience minimal soft X-ray obscuration and exhibit nuclear colours that are bluer than their integrated colours (Fig. 14) .
The general colour distribution of AGN host galaxies presented here is also consistent with the results from Bundy et al. (2008) , in that AGNs at all X-ray luminosities L 2−10 keV > 10 42 erg s −1 are not preferentially distributed among either red or blue host galaxies. This finding, coupled with accretion rate estimates, led Bundy et al. (2008) to the conclusion that AGNs hosted by massive, red galaxies accrete at about the same range of rates as AGNs hosted by blue galaxies, suggesting that AGN feedback does not cause star formation quenching, though the two processes may be related. As an alternative explanation, it is possible that winds associated with star formation may remove some of the obscuring material in blue host galaxies, while the relative lack of star formation winds may allow AGNs in red galaxies to remain obscured.
SUMMARY
The primary objective for the current work is to investigate the effect of AGN light on measurements of the host galaxy's colours. Using aperture photometry applied to HST/ACS V and I band images, we measure nuclear and outer colours of X-ray-selected AGN host galaxies and a carefully selected sample of control galaxies. From the observed V −I aperture colours, we determine rest-frame U −B aperture colours and compare them to the rest-frame integrated NUV−R colours of the same systems. In addition, we analyse sub-samples of the AGN host galaxies based on X-ray luminosity, X-ray obscuration and visibility of a point source. We find several important results.
(i) The nuclear colours of AGN host galaxies are generally bluer than their outer colours. This is unlike the typical nuclear colours of our control sample galaxies, which tend to be redder than their outer colours. The result for the AGN sample is especially pronounced for a sub-sample of X-ray luminous, unobscured AGNs (cf. Fig. 11 ).
(ii) AGNs in the bluest host galaxies exhibit a range of X-ray obscuration and luminosity. In contrast, AGNs in the reddest host galaxies are likely to be X-ray luminous, and they are typically obscured (cf. Figs 8 and 11) . Coil et al. (2009; see their fig. 6 ) also demonstrated this correlation between optical colour and X-ray obscuration.
(iii) The outer optical colours and integrated UV-optical colours of AGN host galaxies are generally consistent with the colours of the control sample galaxies (cf. Fig. 12 ). However, the nuclear optical colours of unobscured AGNs are generally much bluer than those of the control sample galaxies (cf. Fig. 14) . This indicates that the integrated colours typically represent the outer colours, not the nuclear colours. We therefore conclude that integrated NUV−R colours (as well as redder optical colours) are generally reliable, even for X-ray-luminous AGNs, unless the AGNs are luminous, unobscured, and exhibit large colour gradients.
(iv) Large colour gradients within AGN host galaxies correlate with visible point sources, and this is more pronounced for X-ray unobscured AGN [cf. panel (d) of Fig.  11 ]. The correlation between point source visibility and Xray obscuration suggests that X-ray obscuration and optical obscuration either come from the same region or come from different regions with highly correlated obscuration properties.
(v) 'Red' AGN host galaxies (as determined by the integrated colours) are typically bluer than 'red' control galaxies (cf. Fig. 8 ). As these colours are not likely to be contaminated by blue light from the AGNs, the AGN host galaxies have stellar populations that are younger than typical redsequence galaxies.
(vi) Models predicting that major mergers cause AGN activity may explain a small fraction of the AGNs discussed in the current work. However, it appears that the majority of observed AGNs require alternate explanations, such as gas collapse caused by radiative instabilities.
This work has shown that even for high-luminosity AGNs at z ∼ 1, the optical and UV-optical colours are not likely to be strongly biased, unless the AGN is very luminous, unobscured and/or visible as a point source in an optical image. We have further shown that X-ray obscuration of the accretion disc correlates with galaxy colour. By considering a combination of predictions from various models, we seem to be able to explain the majority of the AGN hosts discussed here, but more work is needed to fully understand the connections between significant nuclear activity and a galaxy's star formation history.
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